The aim of the work was establishment of research green roofs on Mendel University in Brno. The experimental green roofs were established in August 2015 and it is based on current issues of rainwater management and the quality of storm water launched into recipients or sewage system. There is a valid legislation addressing the management of rainwater in environment -decree no. 268 / 2009, Coll., and decree no. 269 / 2009, Coll. Four experimental plots were created and placed in Mendel University Campus. It was hypothesized that different types of experimental plots will result in different amount of retained water and in different quality of water runoff. Resulting hypotheses proved statistically significant difference between the height of rainfall and runoff height on individual types of green roofs. In addition, it was shown that the different types of roofs prove statistically significant difference in the ability to reduce runoff (retention efficiency).
INTRODUCTION
Rainwater management is currently much discussed topic in the Czech Republic. People constructing their houses regularly meet with the requirement of the building authority for disposal of rain water from the site of construction. Since 2009, valid legislation addresses the management of rainwater in environment. In particular, the decree implementing the Building Act no. 268 / 2009 Collections, as amended, and Decree of the Ministry for Regional Development no. 269 / 2009 Coll. Decree no. 268 / 2009 Coll., §6, section (4) states: "Buildings of which flow off the surface water resulting from the impact of atmospheric precipitation (hereinafter referred to as "rain water"), must ensure their removal, unless rainwater is retained for future use. The pollution of these waters by harmful substances or their excessive amounts are handled by appropriate technical remedies. Removal of rain water is provided by infiltration preferably. If it is not possible, it is ensured their removal into surface water; unless it can be drained separately, it is removed by the uniform sewers." So far, it is usual that the construction joined the storm sewer system that rainwater runoff drained into streams. However, more and more cities solves the problem of the storm sewer capacity. Therefore, given the huge amount of unused roof area (Dunnett and Kingsbury 2004) , green roofs may be one possible alternative way of dealing with rainwater runoff. Moreover, the creation of more green areas is also an answer to the recent calls for a more ecological and greener urbanization (White 2002) . However, the impact of green roofs on the storm water quality remains a topic of concert to city planners (Vijayaraghavan et al., 2012) . Current studies point out that green roofs may be a sink for some pollutants (Vijayaraghavan and Joshi 2014; Gregoire, Clausen 2011) Green roofs basically consist of a vegetation layer, a substrate layer (where water is retained and in which the vegetation is anchored) and a drainage layer (to evacuate excess water) (Mentens et al., 2003) .
In the terminology of design and architectural solutions for flat roofs have long since enshrined the concept of "green roof" like a roof covered with vegetation.
Green Roofing is divided into three different types, depending on use, construction factors and the method used to carry out the work. These play a critical part in determining both the plant types which are selected and how the vegetation will look. Green roofs can be: (a) intensive, (b) simple intensive or (c) extensive. Each of these types covers a variety of forms of cultivation, with seamless transition and site-specific differentiation (Losken et al., 2008) .
Small capacity of substrate (up to 150 mm of depth) in extensive green roofs offers conditions for perennials, alpine plants and xerophilous plants (such as Sedum sp.) that can withstand extreme conditions of heat, drought and frost. Due to the fact, this type of green roofs is suitable for sloping roofs (up to 45°) (Mentens et al., 2006) . On the other hand, intensive green roof is implemented in structures having a resistance of up to 1000 kg·m -2 , so it is possible to use soil to a thickness of 1 -1.3 metres, which is suitable for forming and using garden flowers, shrubs and low trees. Intensive green roofs are more demanding in terms of maintenance (Losken et al., 2008) .
The main advantages of green roofs include decongesting the sewer system and slowing rainwater runoff, or production of oxygen and carbon dioxide saturation as well as absorption of pollutants from the air, and, ultimately, helping to increase biodiversity in urban environments. As a disadvantage could be considered structural complexity (especially the emphasis on the waterproofing layer) and the need for statically reinforced load-bearing structure of the building.
The experiment described below deals with current issues of rainwater management and the quality of storm water launched into recipients or sewage system. The size of built-up areas in the landscape is constantly growing, thus increasing the quantity of rainwater drained into sewage networks already designed which capacity is not enough. Therefore, it is necessary to look for alternatives in the storm water runoff management. Due to their structural arrangement, green roofs provide a suitable way of solving this issue, especially in industrial areas and technical parks in which flat-roofed buildings dominate.
The objective of the experiment was to verify the possibility of retention of rainwater directly on the roof and reduce the total amount of runoff using green roofs. The aim of the statistical data processing was to answer the following questions (i.e., testing of properly formulated statistical hypotheses).
a) The recognition whether there is a statistically significant difference between the rainfall height and the height of runoff from the constructed types of green roofs, so whether the proposed types of roofs are able to significantly reduce direct runoff. b) And, if so, whether there are proven statistically significant differences in the ability of rainwater retention between different types of green roofs.
MATERIAL AND METHODS
Four simulated roof platforms with overall dimensions of 2 × 8 m (Fig. 2) were constructed on Mendel University Campus in Brno (Zemedelska street, Brno; GPS: 49.2098817N, 16.6133425E). However, since there was not an environmentally controlled room under the platform, heat flux through the roof can be discounted. Roof platforms were divided into four equal sections measuring 2 × 2 m using wood dividers that were also covered with the waterproofing membrane. There are four variants of experimental plots to determine differences in water filtration:
A Scheme of typical green roof is illustrated on Fig. 4 . Plots are made of wood standing on concrete permanent formworks. Slope of roofs is 5 %. Hydrophilic vegetation panel is used to determine a function of water retention and filtration so there is no need to use a drainage nep film and filtring fabric in these plots (ISOVER, 2015) . Exensive substrate Optigreen type E has pH 6.0 -8.5 and consist of expanded shale, lava, pumice-stone, keramzit (expanded clay), crushed brick and green compost. Extensive "Czech" substrate has pH 6.2 -6.8 and consist of crushed Liapor, crushed brick, cinder, peat and PG mix 14-16-18 (fertilizer). (Ekrost, 2015) . In the period 2016 / 6 -2016 / 12 were measured the retention of storm water to the individual green roof. After each precipitation were checked subtracted the volume of water flow on each roof. Measured runoff data for all four types of green roofs related to rainfall events are shown in Fig 5. For the purposes of determining the retained water in green roofs data from meteorological stations located in the campus of the University and the Institute of Geonics of the Czech Academy of Sciences, based on Schodová street in Brno, will be used.
Exploratory data analysis (EDA) was focused on the general characteristics of data and in particular to determine whether the measured values of precipitation and runoff meet the criteria for using parametric or non-parametric tests.
For quantitative datasets (n > 25) with a normal distribution with the same variance can be used parametric tests. Non-parametric tests are suitable for the other datasets, although, generally have less strength -the worse ability to reject the null hypothesis, if not correct (Meloun and Militký, 2004) . Based on the results of EDA, the appropriate test was selected to verify the hypotheses and the testing criteria were calculated for data on the specified level of statistical significance. If we want to compare two variables measured in the same sample we would customarily use the t-test for dependent samples. Nonparametric alternatives to this test are the Sign test or Wilcoxon's matched pairs test.
EDA was performed in software QCExpert 3.3 (Kupka, 2012) and the testing statistical hypotheses in Statistica 12. The significance α was set at 0.05, which corresponds to a 5 % probability of rejecting the correct null hypothesis H0.
RESULTS
Normal distribution of data was tested using the Kolmogorov-Smirnov, D'Agostino and the moment test. The normality was rejected in all cases at the significance level and the autocorrelation has not been proved in data. The data are dependent, since each rainfall event corresponds with the runoff from the experimental site. Due to violation of assumptions for parametric methods the Wilcoxon matched pairs test was chosen as a nonparametric alternative to the t-test for dependent (correlated) samples. The procedure assumed that the variables under consideration were measured on a scale that allows the rank ordering of observations based on each variable (i.e., ordinal scale) and that allows rank ordering of the differences between variables.
Statistical hypotheses in the context of selected methods were formulated and tested as follows. ad a) Hypothesis H0 assumes that there is not statistically significant difference between the height of rainfall and runoff height on the proposed types of green roofs. P-value acquired the values of < 0.05 in all cases, therefore the null hypothesis was rejected (Tab. 1). The test result can be interpreted so that all types of roofs have the ability to reduce the total amount of runoff. ad b) Hypothesis H0 assumes that there is not statistically significant difference between different types of roofs in the retention of rainwater. The null hypothesis was rejected in all cases in which p-value get values < 0.05, i.e. in all cases, except the roof type B and C (Tab. 2).
The result can be interpreted as different types of roofs proved statistically significant difference in the ability to reduce rainwater runoff, except roofs B and C, which proved similar retention efficiency. 
CONCLUSION
The experimental green roofs were established in August 2015 and results of the research will be presented in disertation thesis of the second author of this article. Four different types of green roof plots were built so changes in water retention could be monitored. The size and the slope of each plot is the same. It was hypothesized that different types of experimental plots will result in different amount of retained water and in different quality of water runoff. Two statistical hypotheses have been verified based on the six-month experiment consisting in monitoring runoff on different types of green roofs. The first hypothesis assessed the existence of a significant difference between the rainfall height and the height of runoff from the investigated green roofs. The significant difference was proved and it can be stated that all types of green roofs show the ability to reduce the total amount of runoff. The result of the testing of second hypothesis showed that the different types of roofs proved statistically significant differences in the ability to reduce rainwater runoff, except roofs B and C, which approved similar retention efficiency. This experimental plots will be also used for other monitoring, as well as for educational purposes at the Department of Applied and Landscape Ecology.
